Tyrosine kinase inhibitors constitute a new group of effective agents for multiple clinical uses. For example they can uses gastrointestinal stromal malignancy, chronic myeloid leukemia, and many other tumors [1] . Since the use of these inhibitors in clinical practice began, the outcomes of patients diagnosed with chronic myeloid leukemia, which has been treated with these inhibitors, have improved, wherein 96% of these patients have survived and have shown no disease progression for 3 years [2] . Results of a pivotal phase III international randomized study on interferon and STI571 (IRIS) conducted with patients who had been followed up for over eight years revealed that the rate of discontinuance of treatment was 5.4% owing to adverse events [3] . Each tyrosine kinase inhibitor has a different safety profile, given that these compounds have different tyrosine kinases as targets. It is well known that they are associated with several short-term side effects; conversely, their long-term side effects have not been clarified yet, particularly those of newer agents [4, 5] . Peripheral and periorbital edema, muscle cramps, gastrointestinal intolerance, skin rashes, congestive cardiac failure, nausea, diarrhea, and fluid retention can be considered adverse effects that are induced by the use of these inhibitors [6] .
INTRODUCTION
Tyrosine kinase inhibitors constitute a new group of effective agents for multiple clinical uses. For example they can uses gastrointestinal stromal malignancy, chronic myeloid leukemia, and many other tumors [1] . Since the use of these inhibitors in clinical practice began, the outcomes of patients diagnosed with chronic myeloid leukemia, which has been treated with these inhibitors, have improved, wherein 96% of these patients have survived and have shown no disease progression for 3 years [2] . Results of a pivotal phase III international randomized study on interferon and STI571 (IRIS) conducted with patients who had been followed up for over eight years revealed that the rate of discontinuance of treatment was 5.4% owing to adverse events [3] . Each tyrosine kinase inhibitor has a different safety profile, given that these compounds have different tyrosine kinases as targets. It is well known that they are associated with several short-term side effects; conversely, their long-term side effects have not been clarified yet, particularly those of newer agents [4, 5] . Peripheral and periorbital edema, muscle cramps, gastrointestinal intolerance, skin rashes, congestive cardiac failure, nausea, diarrhea, and fluid retention can be considered adverse effects that are induced by the use of these inhibitors [6] .
Nilotinib was accepted as a second-generation tyrosine kinase inhibitor for treating patients with chronic myeloid leukemia, who were resistant to imatinib initially. It is worth noting that this has been a first-line option since 2007 [7] . Although nilotinib has very few side effects, a review of literature has revealed studies indicating that it can cause neutropenia, thrombocytopenia, cardiotoxicity, high pancreatic lipase, ischemia, and vascular occlusion [8] [9] [10] [11] [12] .
Ototoxicity is a general term referring to the damage of cochlear and vestibular organs resulting from exposure to various therapeutic agents or chemical substances [13] . The sensitivity of the inner ear toward numerous chemical substances has been known for many centuries [14] . Currently, antibiotics, diuretics, anti-inflammatory drugs, antineoplastic agents, antimalarial drugs, and other drugs are known to cause ototoxicity [15] . Numerous agents may cause ototoxicity; currently, many new drugs have been developed to treat the disease with support from the rapidly improving drug industry. Symptoms of ototoxicity occur only after long-term clinical use of newly developed treatment agents. Therefore, it should be always kept in mind that all newly available drugs might be potential ototoxic agents [16, 17] .
Although the ototoxic mechanisms of certain drugs are not thoroughly known, many are known to also show ototoxic effects, such as neurotoxicity, increased oxidative stress, and vascular occlusion; for example, ischemia may play an important role in developing aminoglycoside ototoxicity. However, only a limited number of studies have examined the direct interaction between ischemia and aminoglycoside ototoxicity [18, 19] . Similarly, it is known that the ototoxic effect of cisplatin may be associated with increased oxidative stress [20] .
Nilotinib is a new second-generation tyrosine kinase inhibitor and has value in the treatment of chronic myeloid leukemia. The use of nilotinib has been reported to be associated with vascular adverse events, such as peripheral arterial occlusive disease and ischemic heart disease, and has also been known to cause metabolic disturbances, such as dyslipidemia [21, 22] . It is known that hyperlipidemia, ischemia, and vascular occlusion play roles in the etiology of sensorineural hearing loss [23, 24] . Hence, we formulated a hypothesis: "could nilotinib have a negative effect on hearing?" From this point, we came across two studies upon literature review in the Pubmed database using the keywords "nilotinib and hearing loss" and "nilotinib and hearing, " the first being included in a study by Sabha et al., [25] , a study demonstrating that nilotinib can be effective for vestibular schwannoma in in vitro cell culture, and it does not mention that the drug has impacts hearing loss. Kapur et al., [26] conducted the second study, in which they indicated that there were cases of secondary sensorineural hearing loss associated with imatinib treatment in the literature. However, they also stated that no such side effects were previously reported; therefore, it was difficult to state whether nilotinib impacted hearing loss or intracranial hemorrhage among the cases included in their study.
In conclusion, we were unable to find any study that supports our hypothesis. The fact that previously conducted studies also involved case reports indicating that imatinib likely causes hearing loss has directed us to investigate whether second-generation tyrosine kinase inhibitors have such an effect [27, 28] . Therefore, using the ABR test, we aimed to investigate whether short-term administration of nilotinib on rats had any ototoxic effects.
MATERIALS AND METHODS

Experimental Animals
The trials were conducted in accordance with the National Institute of Health (NIH) Guide for the care and use of Laboratory Animals (NIH Publications No. 80-23 Revised 1996) . The protocol of the study was approved by the Institutional Review and Animal Ethics Use Committee of Sivas Cumhuriyet University School of Medicine, and the study was conducted based on the accepted guidelines on the care and use of laboratory animals. This randomized experimental study followed the aforementioned protocol. The external auditory canals and eardrums of 30 rats anesthetized with 3 mg/kg Xylazine SC and 90 mg/kg Ketamine HCL SC were examined under a surgical microscope (OPMİ Vario; Zeiss, Jena, Germany) prior to being selected for the study. Those with external and middle ear pathologies were excluded from the study.
Male, 16-18 week-old Wistar-albino rats with an average body weight of 230±10 gm were included in this study. The rats were maintained under standard laboratory conditions (12 h light/dark cycles, 24±2°C, 35%-60% humidity).
The literature review did not reveal an experimental model that was used for investigating the effect of nilotinib on the auditory nerve. Thus, two doses were administered based on doses mentioned in studies considering the toxic effects of nilotinib on rats in the literature [29, 30] . The rats (n=24) were categorized into three groups via randomization: group C (0.25 mL of distilled water, no nilotinib n=8), group N-20 (20 mg/kg/day of nilotinib dissolved in distilled water, n=8), and group N-50 (50 mg/kg/day of nilotinib dissolved in distilled water, n=8). The researchers decided to include eight rats into each group considering α=0.05, β= 0.20, and (1-β)=0.80; the power of the test was found to be p=0.80942. The aforementioned nilotinib dosages according to each group were administered to all the rats in experimental groups via gastric gavage as a single dose once per day, at the same hour, over 21 days.
It was planned to exclude rats that died, regardless of the cause, in an experimental protocol during experimentation; however, no rat died. Each animal was weighed individually prior to auditory evaluation, upon which drug-induced weight loss and changes in the overall health were recorded. No significant weight loss or general condition disorder was observed in any of the 24 rats in every three groups during the experiment.
Drug and Chemicals
Nilotinib (Novartis Pharma AG, Basle, Switzerland) was dissolved in distilled water, and the purity of all chemical reagents was at least analytical grade.
Study Protocol and Hearing Examination
After rats included in the study were anesthetized with 3 mg/kg Xylazine SC and 90 mg/kg Ketamine HCL SC, their auditory brainstem response (ABR) threshold values were recorded in a silent room using Neuro-Audio 0710 VX (Neurosoft Ltd., 5, Voronin str. Ivanovo, 153032, Russian) device on day 0 (baseline; before administration of any drug or distilled water via gastric gavage) and day 21 (after administration of the drug or distilled water). Measurements of ABR of all rats were performed from their right ear. The ABR responses were recorded using a Natus Ultra Subdermal Needle Electrode (Stainless Steel Needle DIN 42802 Connector, Natus Neurology Incorporated 3150 Pleasant, View Road Middleton, WI. USA. 53562, Indonesia). The active elec-trode was placed on the vertex, earth electrode was placed on the contralateral mastoid, and reference electrode was placed on the ipsilateral mastoid. The stimuli were delivered with an insert earphone. ABR was evaluated by providing 8, 12, and 16 kHz tone bursts at 10, 30, 50, and 70 dB stimuli. The stimuli were presented at an alternate polarity: a filter of 30-2000 Hz; repetition rate of 37/sec; and time window of 20 msec, wherein 1,024 samples were taken to obtain the average signal. The impedance value was verified and accepted as being <1.0 kΩ.
The ABR threshold was defined as the lowest intensity level, at which the V wave of ABR is visible. A hearing threshold of >10 dB was accepted as the inclusion criterion of the study.
Thresholds, latency, and amplitude may be obtained from five ABR peaks. Latency was measured in milliseconds. The time between respective peaks was referred to as the interpeak latency. Interpeak latencies are generally used to measure the conduction time of the central auditory pathway. The interpeak latency of waves I-III, III-V, and I-V reflects the time to traverse in the caudal, rostral, and whole brainstem, respectively. A lesion affecting central auditory processing is characterized by a prolonged interpeak latency [31] . Therefore, the study evaluated the absolute latency of waves III and V at 50 and 70 dB and that of wave V at 30 and 10 dB. The stimulus intensity of III-V interpeak latency was measured at 50 and 70 dB. Moreover, the amplitude ratios of waves III/V and waves V/Va were also recorded. 
Statistical analysis
RESULTS
Wave V at 8, 12, and 16 kHz frequencies and a stimulus intensity of 10 dB was observed for all the rats included in the study on ABR evaluation conducted at baseline and on day 21.
Wave Latencies ABR latency is another indicator for auditory sensitivity. ABR latencies between stimulus onset and waveform valley were measured.
The latencies were analyzed in terms of tone burst stimulus intensity at 30, 50, and 70 dB SPL for wave V and at 50 and 70 dB SPL for wave III [32] . Similarly, no statistically significant difference was obtained on between-group statistical analysis that was performed in terms of mean latencies of wave III at 8, 12, and 16 kHz and 50 and 70 dB SPL on day 0 and 21 of ABR evaluation (p>0.05). Table 3 presents the mean III-V interpeak latency at different frequency values (8, 10, and 12 kHz) and stimulus intensity levels (50 and 70 dB) of the rats in Group C, Group N-20, and Group N-50 at on day 0 and 21. A statistically significant difference was not determined in terms of mean interpeak latencies of waves III-V across all three groups (p>0.05). Similarly, there was no statistically significant difference between mean interpeak latencies of waves III-V at on day 0 and 21 on between-group evaluation (p>0.05). Table 4 presents the mean III-V amplitude ratios at different frequency values (8, 10, and 12 kHz) and stimulus intensity levels (50 and 70 dB) of the rats in Group C, Group N-20, and Group N-50 at on day 0 and 21 of ABR evaluation. A statistically significant difference was not determined in terms of mean amplitude ratios of waves III-V across all three groups during the within-group evaluation (p>0.05). Similarly, there was no statistically significant difference between mean amplitude ratios of waves III-V on between-group evaluation (p>0.05). To conclude, no statistically significant difference was determined in terms of the mean latency of waves V and III, interpeak latency of waves III-V, and amplitude ratios of waves III-V or V/Va at on day 0 or on day 21 in either of the three groups on within-group and be- tween-group evaluations. Figure 1 shows ABR at on day 0 and 21 in all three groups.
Interpeak Intervals
Wave Amplitude Ratio
DISCUSSION
No significant difference was observed in the latency, interpeak latencies, and amplitude ratio of ABR between rats in Group N-20 or Group N-50 and in the control group. To the best of our knowledge, no study has investigated the potential ototoxic effects of the shortterm use of nilotinib and other tyrosine kinase inhibitors yet.
In accordance with our current knowledge, ototoxicity is described as chemical substances/drugs structurally damaging or rendering the cochlea, cochlear nerve, and vestibular system dysfunctional. Generally, there are four mechanisms playing a role in the development of ototoxicity: 1) Magnesium was required for oxidative phosphorylation. Binding phosphatidylinositol prevent the transport of magnesium and cause cell damage and death.; 2) As a result of removal of trace elements such as zinc, copper, which are necessary for oxidative metabolism in cochlea,; 3) development of degenerative changes in the basal fold causing vasoconstriction in the capillary bed in the spiral ligament, basilar membrane, and stria vascularis; and 4) decreased receptor current owing to external hairy cell damage. Decrease in the receptor current owing to external hairy cell damage was emphasized as the main mechanism leading to the development of antineoplastic drug-induced ototoxicity [33] .
Pure tone audiometry is frequently used to evaluate ototoxicity. Hearing shift associated with ototoxicity is defined as 1) a ≥20 dB change at one frequency; 2) ≥10 dB change at ≥2 consecutively tested frequencies; or 3) loss of response at three consecutively tested frequencies [34] .
Although the distortion product otoacoustic emission is often used to evaluate ototoxicity and pure tone audiometry, measuring ABR is a test used for monitoring ototoxicity [35] . Because it is essential to determine ototoxicity via objective measures, such as ABR, is necessary because many patients become incapacitated at some point during treatment and cannot undergo the rigors of a hearing test. Waves obtained on ABR evaluation are known to be important to show lesion levels. Wave I is produced by the 8th nerve, wave III is produced mainly by auditory nerves in cochlear nucleus, and wave V is produced by auditory nerves in the lateral lemniscus and/or inferior colliculus nucleus found in more central or rostral regions of the brain stem. Therefore, although waves I and III are influenced by pathology in the peripheral or caudal regions of the brain stem, wave V is influenced by pathology in both peripheral and central regions. Although amplitudes of waves decrease owing to the pathology of these sites, latencies still are prolonged [36, 37] . Interpeak latencies are generally considered for measuring the conduction time of the central auditory pathway [31] . The III-V interpeak interval reflects neural conduction at more central (or rostral) regions of the brainstem [38] . Interpeak latencies (I-III, III-V, and I-V) of ABR are a simple method used to roughly localize lesions in the auditory pathway [39] . The amplitude of the waveform is supported by synchronously activated neurons [31] . On considering all these characteristics associated with ABR, the latency, amplitude ratios, and interpeak latency durations were evaluated to reveal whether the 8th nerve was influenced by nilotinib administration in this study.
Tyrosine kinase inhibitors are one of the several options for treating chronic myeloid leukemia [40] . Nilotinib is also a strong second-generation tyrosine kinase inhibitor used to treat leukemia [41] . The literature includes various case reports on monitoring cases of secondary sensorineural hearing loss during imatinib treatment [27, 28] . Only one case report concerning the correlation between nilotinib and hearing loss was conducted by Kapur et al., [26] . However, in this case report, it has been pointed out that hearing loss is caused by primary nilotinib or it is difficult to say whether it is a result of a cerebrovascular event. The current study investigated whether short-term administration of nilotinib causes an ototoxic effect in rats, given that ischemia and vascular occlusion are among the side effects of nilotinib. Furthermore, there is a case report in the literature that suggests that nilotinib leads to hearing loss. The results of the current study showed that a 21-day nilotinib exposure did not cause any change in ABR III wave latency, V wave latency, III-V wave interpeak latency, V/Va and III/V amplitude ratios among the groups of rats receiving various doses of drugs. In the literature where we can compare and interpret our results, we could not reach the clinical or animal study, which was done with any of tyrosine kinase inhibitors. For this reason, we only share our results with the literature.
Conversely, this study had some limitations. Because no other study on tyrosine kinase inhibitors and ototoxicity exists, important limitations include that there is no reference study for any of the dosage ranges or that the administration time of drugs was likely to be insufficient in terms of revealing these side effects, even though tyrosine kinase inhibitors are used by patients with chronic leukemia throughout their life. Another major limitation was that only the ABR method was used to evaluate ototoxicity; thus, the evaluation of the inner ear functions was limited, which meant that a histopathological evaluation of the cochlea could not be performed properly.
However, despite these limitations, we hope that this study would encourage further studies.
CONCLUSION
To conclude, further studies are needed that involve different drug doses, prolonged administration of drugs, distortion otoacoustic emission test for the evaluation of cochlear activation and ABR. Furthermore, histopathological studies are needed to indicate whether the cochlea is affected to reveal that nilotinib definitively has no ototoxic effect. 
